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Abstract:  Results  obtained  from  Vickers  hardness  tests  were  used  for  analytical  modeling  models  Buckle, 
Jönsson, Hogmark. Ni-P electrodeposition were obtained by varying the elaboration time. The analytic models 
obtained by theoretical means, by applying the corresponding formulas to each model have been compared to 
the experimental results obtained at hardness tests.  
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  1. INTRODUCTION  
 
  In  the  literature  we  know  several  analytical  models  that  attempted  to  explain 
composites  hardness  (Buckle’s  model  [1],  Jönsson  and  Hogmark’s  model  [2]).  In  the 
presentation of models, we have used: He-measured hardness of the composite; Hf-hardness 
of the film; Hs-hardness of the substrate; e-thickness of the film; δ-depth increment. 
 
 
  1.1. Model of Buckle 
  The model of Buckle [1], considers a material whose hardness varies with the distance 
to the surface, the model is based on the mixing law areas. Buckle considers an arbitrary 
division of the material indented by 12 layers of equal thickness to the penetration depth, D, 
diamond in the material. Layer i, is involved in the hardness of all by his own hardness, Hi, 
and weighted by a factor of pi, which depends on the distance of the layer on the surface, pi is 
independent of material (Figure 1): 
 
 
 
Figure 1: The empirical distribution of the weights in the sub-layers of the zone of influence of a footprint from 
Buckle [1] 
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The hardness of the composite, Hc, is obtained from the formula: 
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Hi, pi-respectively the hardness and the coefficient of balancing of the layer i. If the deposit is 
homogeneous  the  coating  Hf  on  a  substrate  homogeneous,  too  with  hardness  Hs,  the 
expression above simplifies and gives: 
 
                                             Hc=aHf+bHs,    with     a+b=1                                        (2)                                                                             
or again: 
                                            Hc=Hs+a(Hf-Hs)                                                              (3) 
 
a- the factor of influence of the layer on the hardness measured; 
b- lover integer of 12. 
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where:  
-  n is the serial number of the last layer that is still hypothetical in the coating (n is 
an integer less than 12),  
-  the penetration depth D,  
-  the film thickness e. 
Thus if a = l means that the substrate has no influence on the measurement and vice versa 
if a = 0. For an e/D = 10 (so in the case of a penetration depth equal to one tenth of that of the 
film), the measured hardness is written Hc = 0,015 Hs + 0,985 Hf.  
This expression allows to highlight the influence of the substrate is minimal, and the 
measured  hardness  is  similar  to  that  of  the  film.  This  corresponds  to  the  empirical  rule 
justified  by  Buckle as the "tenth rule" that one measures only the  intrinsic  hardness of  a 
deposit if the depth of the indentation is less than one tenth of the thickness of the deposit. 
The  main  handicap of this  model  is that coefficients of balancing”pi” are established 
empirically. This model seems to be verified for close test conditions to those that have served 
to the determination of balancing coefficients; it is to tell for test of indentation Vickers on 
hard deposits. 
 
 
1.2. Model of Jönsson and Hogmark 
They proposing [2] a law of mix area to describe the hardness measured Hc: 
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or again: 
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Aƒ and AS have been respectively areas on which concentrate respectively pressure HC 
and HS. A is the total area of the imprint and C a constant (figure 2). 
 
 
 
Figure 2: Geometric model of Jönsson and Hogmark [2] 
(a) areas indented in the film (Af) and the substrate (As), 
(b) plastic deformation of the film that follows the shape of the indentation (C1 = 2sin ² 22 °), 
(c) rupture of the film (constant C2 = 2sin ² 11 °) 
 
According to them, the layer deforms under the imprint without thinning and the power 
dissipated by the mode of deformation is localized on flanks of the imprint. In function of the 
mode of deformation of the deposit under cost, one distinguishes two possibilities for the 
calculation of C. 
-1st case: the deposit deforms plastic and takes the form of imprinter: C1=sin
222
0 
-2nd case: the deposit fissures: C2=2sin
211
0. 
These authors find a good agreement between experimental results and values given by 
the model for values of the report e/D understood between 2 and 3. In fact, it is necessary to 
consider two cases. For a report understood between 1,8 and 2,3, the first model is the better 
adapted while the second model is the more appropriate for a report understood between 6,3 
and 12,9. This implies that the model is valid for a reports e/δ raised. 
 
 
2. THE EXPERIMENTAL PART 
 
The above  analytical  models were applied to the Ni-P electrodepositions which were 
obtained by varying development time [3].  Layers were deposited on copper substrate with 
different thicknesses obtained  by  varying development time (10-20  min) using a constant 
electrolyte containing phosphoric acid (20 g/l). Hardness tests were made with variable load 
(25g, 100g, 1000g, 2000g), applied perpendicular to the surface layer. Samples were noted on   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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the time of development: P1 (10min), P2 (20 min). In table 1 are given the results obtained 
from applying analytical models. 
 
Table 1.  Values obtained by models on deposits 
Layers  Load 
(g) 
Hardness 
measured 
 (Hv) 
Hardness corrected 
with Bückle model 
(HV) 
Hardness corrected with 
Jönsson – Hogmark model 
(HV) 
without fissures 
(Hf1) 
with fissures 
(Hf2) 
P1 
25  383,6  561,84  439,64  633,63 
50  248,6  468,51          363,1  456,95 
100  169,8  453,17  298,17  462,40 
1000  102,6              39,8  249,31  395,64 
2000      96,36              64,9          239        378 
P2 
25       427            565,54          487,51  609,05 
50   281,6            465,57          365,46  546,52 
100       199            430,42          320,63  496,38 
1000   107,4              22,6364          259,45  413,99 
2000       100,2             49,899          257,83  413,34 
 
The  results  presented  in  Table  1  show  that  for  small  loads  (25-100g)  Buckle  model 
overestimates the hardness values obtained applying it, and for big loads of 1 kg and 2 kg, 
hardness  values  obtained  are  small  compared  to  the  measured  hardness  for  these  loads, 
penetrated by Vickers penetrator and obviously cracks. But these cracks were not observed 
under the microscope and thus we conclude that the model does not work for large loads. By 
modeling  with  the  analytical  model  Jönsson-Hogmark  the  obtained  hardness  values  were 
much higher than the measured hardness, showing that even this model cannot be applied to 
any task and any sample. 
 
CONCLUSIONS 
Application of Buckle and Jönsson-Hogmark analytical models led to obtain hardness 
values totally different from the experimental results, which shows these models do not work 
for any loads and any samples. 
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